ABSTRACT The presence of the F9 antigen and of four other antigens related to the T/t locus of the mouse was investigated by immunofluorescence on preimplantation embryos. In morulae heterozygous for any of these thaplotypes, both the appropriate t antigen and the-F9 antigen are expressed. The F9 antigen segregates among the progeny of crosses producing embryos homozygous for some (t w3 and t w5) but not for other haplotypes. It is concluded that (i) whatever the time of action of a t haplotype, its corresponding antigen is expressed during cleavage and (ii) the F9 antigen is specified by a gene(s) in the region of the T/t locus. Immunological study of embryonal carcinoma (EC) cells derived from a transplantable mouse teratoma allowed the detection of a new surface antigen(s), called "the F9 antigen" (1). This antigen, present on embryonal carcinoma cells, can be found on the cell surface of mouse preimplantation embryos. It is not detectable, however, on the somatic cells of the adult mouse-including thymocytes, brain and kidney cells-with the exception of spermatozoa and the whole male germ line (refs 1, 2, and unpublished data).
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A segment of chromosome 17 of the mouse, known as the Tit locus, controls steps of embryonic development: a series of haplotypes derived from wild mice behave as recessive lethals, each one displaying a block of embryonic development at a particular stage (3) . Each of these haplotypes is also known to specify some particular antigen(s) on the surface of sperm cells (3, 4) . Thus, the genes at the Tit locus may act in embryonic development by controlling the synthesis of specific surface antigens required for cellular interactions at precise stages (5) .
It was shown previously that the F9 antigen bears some relation with the T/t locus. The tw32 haplotype which in the homozygous condition prevents the transition from morula to blastocyst also affects the level of F9 antigen on sperm. To remove the same amount of anti-F9 antibodies, twice as many sperm cells are required from an heterozygous +/tw32 as from a wild +/+ mouse (6) . this result is consistent with the F9 antigen being determined by the wild counterpart of the tw32 haplotype; it is however compatible with other interpretations. We have, therefore, examined this problem further by investigating the presence of the F9 antigen and of certain t antigens on preimplantation embryos produced in crosses involving t haplotypes. If the F9 and the t antigens are products of the T/t complex, they should be expressed codominantly and should segregate among the progeny of appropriate crosses.
MATERIALS AND METHODS
Mice. The following stocks were used: 129/Sv, an inbred subline of the original 129 strain; NCS, a random bred strain of albino mice; BT BRTF/Nev, a moderately inbred line on which t haplotypes are maintained in balanced lethal crosses T/tx X T/tx. All mice were produced at the Institut Pasteur, except for the BT BRTF/Nev T/tw5 females which were obtained from Drs Anti-t w32 Serum. C57BL/6 males were immunized with spermatozoa of T/tw32 animals (4). After six to seven immunizations, the sera were collected and heat inactivated. They were sequentially absorbed with +/+ (129 and C57BL/6) and T/+ (BT BRTF/Nev) testicular cells and spermatozoa (vol/vol, serum diluted 1 to 5, for 1 hr at 00). The absorbed anti-tw32 serum was then diluted 1:10 and further absorbed with lymphocytes from T/tw32 mice. The anti-tw32 serum was tested on spermatozoa by indirect immunofluorescence: 35-40% spermatozoa of +/tw32 animals were stained up to a 1:60 dilution. Only the postacrosomal zone was stained, a location identical to that found with anti-F9 serum (8) . At a 1:5 dilution, the anti-tw32 serum failed to stain spermatozoa of +/+, T/ +, T/to and T/tw5 animals. It was no longer toxic towards F9 cells and BT BRTF lymphocytes. No specific labeling was detected on F9 cells at a 1:10 dilution. Antisera against T/t w5, T/t , and +/t w18 Sperms. These antisera were a gift of Dr. K. Artzt. The three sera were absorbed with sperm from +/+ (129) and T/+ (F1 129 X BR BRTF) mice and with lymphocytes from mice carrying the appropriate t haplotype as described for anti-tw32 sera.
Anti-Mouse Ig Serum. Rabbit anti-mouse Ig serum labeled with fluorescein was a product of Institut Pasteur Production, Paris. Before use, it was massively and repeatedly absorbed with F9-41 and PYS-2 cells. The absorbed conjugates were sampled and stored frozen at -28°. They were used at a 1:25 dilution in Whitten's medium (9 Fig. 1 . In all experiments, the anti-F9 serum was used at a 1:100 dilution. (Table 1) .
From these experiments, it can be concluded that: (i) among the t antigens previously detected on sperm, thefour tested are expressed on appropriate heterozygous embryos; (if) though the different t haplotypes block development at various stages, these four antigens are already expressed at the eight-cell stage; (iii) in heterozygous morulae, each of these t antigens is coexpressed with F9 antigen; and (iv) the presence of these t antigens on eight-cell morulae results, not from unmasking of some previous structure, but from post-zygotic synthesis since the t haplotype always comes from the male. Segregation of the F9 antigen in the progeny of crosses between two mice heterozygous for a same t haplotype Because F9 and every t antigen tested are co-expressed on suitable heterozygous embryos, it is possible to follow their distribution among the progeny of crosses between two mice which are heterozygous for a same t haplotype. Crosses +/tx X + /tx produce embryos of the three classes: +/+, +/tx, tx/tx. The tx antigen should be absent from +/+ embryos and, were unlabeled with anti-F9 serum, and were all morulae. In two experiments with anti-tw32 serum, 11 of 18 embryos were unlabeled, and were mostly blastocysts (this abnormally high ratio was due to the progeny of one mouse described in Table   3 ).
(ii) Females BT BRTF/Nev T/tw32 X males BT BRTF/Nev T/tw32. Similar experiments with anti-F9 serum were carried out on preimplantation embryos from balanced lethal crosses and examined during day 4 with similar results (Table 2) .
These experiments with individual sera do not show whether the embryos unlabeled with one serum can be labeled with the other. Because of technical difficulties, double immunolabeling could not be performed. Instead, the following procedure was used. In a first step, the embryos (day 4) were exposed to one serum and immunologically stained. Unlabeled embryos were then removed and treated with the other serum. As shown in Table 3 , lines 1 and 2, those embryos not labeled with anti-F9 serum-again all morulae-were all labeled with anti-twO2 serum and vice versa. Under the conditions used, the two classes of unlabeled embryos do not overlap.
There is no way of correlating conclusively the genotypes and the phenotypes of the embryos. These results, however, conform entirely to the expectation that tw32-negative embryos are +/+ homozygotes-because they belong mainly to the blastocyst class-and that F9-negative embryos are tw32/tw32 homozygotes-because they belong exclusively to the morula class. In Table 2 . Labeling of embryos from crosses producing tW332 /tW32 homozygotes by anti-F9 and anti-tW3 2 sera 
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Embryos were obtained at day 3 (morulae) or day 4 (late morulae or blastocysts). At day 4, the anti-F9 serum labeled all the embryos which had developed into blastocysts, and also some which had developed into late morulae. F9-negative embryos at day 4 were always found to be morulae. N.T., not tested. Tables 2 and 4. that case it can be concluded that (i) the tw32 haplotype does not produce the F9 antigen and (ii) the F9 antigen segregates as expected for a product of the "wild t haplotype." t w5, t w18, and T Haplotypes. For any tx haplotype other than t w32, there is no way of distinguishing morphologically tx/tX preimplantation embryos since the block in development always occurs after implantation (3). Anti-F9 serum was used to label morulae produced in crosses between two mice both heterozygous for one of the haplotypes tw5, t 18, or T. The results are summarized in Table 4 . In crosses producing tW18/twl8or TIT homozygotes, nearly all embryos were labeled, as they were in control crosses producing T/tw5 heterozygotes. In contrast, in crosses producing tw"5/tw5 homozygotes, 34% of the embryos were not labeled. In the latter case, sequential labeling (Table 3 , line 3) showed that F9-negative embryos were all labeled by anti-twS serum. Thus, the F9 antigen appears to be produced by two haplotypes (twl8 and T) but not by two others (tw32 and tw5).
DISCUSSION
A word should first be said about the immunological system used. Allogeneic anti-tx sera are prepared by injecting sperm from T/tx mice of various genetic background in C57BL/6 males. Absorption with sperm from +/+ and T/+ mice leaves an activity specific for the sperm of mice carrying a tP haplotype (4). However, recessive lethal t haplotypes are obtained, not by mutation, but from natural populations (3); most of them do not produce recombinants over a large segment of chromosome 17 (3) and each is found associated with a particular H-2 haplotype (11). In our experiments, we have removed activities such as anti-H-2 by absorbing with lymphocytes from mice carrying the same tP haplotype. Yet one cannot exclude that an anti-tx serum might detect, in addition to a genuine tx antigen, some other unknown antigen specified by a gene linked to the T/t locus. Because surface antigens determined by t haplotypes are expressed on embryos, it is reasonable to assume that similar antigens are specified by the "wild haplotype." This is what the F9 antigen appears to be. Its distribution among the progeny of crosses producing homozygous embryos indicates that it is specified by a region belonging, or closely linked, to the T/t locus. One might argue that the segregation of F9-negative embryos is due to some heterogeneity in the animal stocks or to some damage caused to the membrane by certain t haplotypes. The fact that in a cross producing tw32 or t w5 homozygotes every F9-negative embryo has so far been stainable by the appropriate anti-t (tw32 or tw5) serum, and conversely every tw32-negative embryo by anti-F9 serum, is a strong indication that the observed segregation does express the segregation of the t haplotypes. The F9 antigen appears to be altered or absent in some t haplotypes (tw32 or tw5) but not in two others (twl8 or T). The former result prevents, for the time being, the F9 genetic determinant from being considered as the "wild allele" of a particular t gene and the F9 antigen from being assigned any particular function. We 
